Background and Objectives: Myocardial injury after percutaneous coronary intervention (PCI) occurs frequently and it is associated with an adverse clinical outcome. Mechanical factors have been implicated in this complication and the role of inflammation has not yet been clearly determined. We evaluated the effect of an inflammatory response during PCI on periprocedural myocardial injury. Subjects and Methods: We prospectively studied 231 patients (mean age: 62.8±10.6 years, males: 60.6%) who underwent elective coronary stenting. For the exclusion of mechanical injury to the myocardium, we excluded those patients who developed complications during PCI. Blood samples for measuring the high sensitivity C-reactive protein (hsCRP) and troponin T (TnT) were obtained before the procedure and at 6 hours and 24 hours after PCI. The inflammatory response to PCI was calculated as the difference between the peak postprocedural hsCRP level and the preprocedural hsCRP level (delta CRP). We divided the patients according to the median value of delta CRP: Group I <2.2 mg/dL and Group II ≥2.2 mg/dL. Results: Postprocedural TnT elevation was were observed in 72 (31.2%) patients. The baseline clinical and angiographic characteristics were not difference between the two groups. The incidence of any TnT elevations was higher in the Group II than that in Group I (19.8% vs 42.6%, respectively, p<0.001). The incidences of TnT levels over 3 times the upper normal limit and 5 times the upper normal limit were also higher in Group II than in Group I (11.2% vs 21.7%, respectively, p=0.031, for a TnT level 3 times the upper normal limit, and 6.0% vs 13.9%, respectively, for a TnT level 5 times the upper normal limit). Multivariate analysis revealed that postprocedural hsCRP elevation and complex lesion were the significant independent predictors of postprocedural TnT elevation. Conclusion: Elevated hsCRP levels were associated with a higher risk of postprocedural troponin elevation in patients undergoing uncomplicated PCI. These results emphasized the role of inflammation in the pathogenesis of periprocedural myocardial injury.
Introduction
During the past three decades, percutaneous coronary intervention (PCI) has become one of the cardinal treatment strategies for stenotic coronary artery disease. As PCI has developed, it has decreased the incidence of major adverse cardiac events for patients with coronary artery disease. However, the incidence of post-procedural cardiac marker elevation has not decreased, in spite of the improved outcome of PCI. 1) The relatively low-level release of cardiac enzymes after PCI occurs in about 25% of the patients treated with stents. [2] [3] [4] It was demonstrated that periprocedural myocardial injury is associated with a worse long-term clinical outcome. [5] [6] [7] Cardiac troponin T and I were consistently found to be more sensitive than creatinine kinase-MB (CK-MB) for detecting myocardial injury in this setting.
8)9)
Vascular injury during PCI is associated with a systemically measurable inflammatory response, and the degree of inflammation has been shown to correlate with the cardiovascular risk.
10)11) C-reactive protein (CRP) is an acute-phase reactant and it is the most widely used marker of systemic inflammation. Although the mechanism is unclear, elevated preprocedural CRP levels have been associated with an increased risk for short-and long-term cardiac events. [12] [13] [14] However, little is known regarding the role of the inflammatory response during PCI and the periprocedural myocardial injury. Therefore, we prospectively studied the inflammatory response to coronary stenting, as estimated by the serial CRP changes and the periprocedural myocardial injury.
Subjects and Methods

Subjects
We prospectively studied patients who underwent elective coronary stenting. The exclusion criteria included 1) an elevated troponin T level before the procedure; 2) known inflammatory, neoplastic or infectious disease; 3) myocardial infarction (MI) within 1 month before the procedure and 4) inflammatory or infectious signs after PCI. All the patients gave us an informed written consent according to a protocol approved by the Ethical Committee of Wonkwang University Hospital.
Coronary angiography and percutaneous coronary intervention
PCI was performed according to the standards of current clinical practice at the physician's discretion. We used drug-eluting stent in all patients. The patency of the treated artery on the diagnostic coronary angiography was evaluated by the thrombolysis in myocardial infarction (TIMI) score. Angiographic success of PCI was defined as TIMI III flow with any residual stenosis below 20%.
All the patients received a loading dose of aspirin (300 mg/day) and clopidogrel (300 mg/day) before the procedure. An intra-venous bolus of 5,000 U of unfractionated heparin was given, and then additional heparin boluses were given to maintain an activated clotting time of >300 s during the procedure. To exclude those patients with mechanical injury to the myocardium, we excluded the patients who developed complications during PCI. The complications consisted of slow flow, any visible side branch occlusion, distal embolization and major dissection.
Laboratory assays
Venous blood samples were obtained before intervention and at 6 and 24 hours after the procedure for troponin T and CRP determination. The cut-off value for abnormal cardiac troponin T was 0.1 ng/mL. Highsensitivity assay was used to measure the CRP concentration. The inflammatory response to coronary stenting was calculated as the difference between the peak postprocedural CRP level and the preprocedural CRP level (ΔCRP). We divided the patients according to the median value of delta CRP: Group I <2.2 mg/dL and Group II ≥2.2 mg/dL.
Statistical analysis
All measurements are represented as means (standard deviations. Inter-group analysis was done using independent t-tests and (2 tests, which were conducted using SPSS 11.0 for Window (SPSS Inc., Chicago, IL). A multivariable logistic regression model was constructed for predicting troponin elevation after PCI. The following variables, which were selected according to the literature data1 and they were significant on univariate analysis, were inserted into the logistic regression analysis: age, complex lesion, multivessel stenting, the stent length and number, the preprocedural CRP levels and ΔCRP, diabetes, no prior use of statin, the LDL cholesterol level and the serum creatinine level. For continuous variables, the median value was used as a cut-off point to define the two subgroups on the logistic regression analysis. Statistical significance was set at p<0.05.
Results
The study population included 247 patients who underwent elective coronary angiography followed by coronary stenting between March 2005 and November 2006. For excluding those patients with mechanical injury to the myocardium, we excluded the patients who developed complication during PCI such as slow flow (4 cases), side branch occlusion (11 cases), and major dissection (1 case). Overall, 231 patients (mean age: 62.8±10.6 years, males: 60.6%) were enrolled in this study. The clinical diagnoses in admission were silent ischemia in 46 patients (19.9%) and stable angina in 185 patients (80.1%).
The mean ΔCRP was 6.6±11.5 mg/dL, and the median value was 2.2 mg/dL. We divided the patients according to the median value of the delta CRP: Group I <2.2 mg/dL and Group II ≥2.2 mg/dL. The baseline clinical characteristics and angiographic data are described in Table 1 and 2. There was no significant difference of the most relevant clinical characteristics between the two groups ( Table 1) .
We used drug-eluting stents in all the patients. None of the patients were received glycoprotein IIb/IIIa inhibitors. The mean stent length and number of stents were similar between the two groups ( Table 2) . Multivessel stenting was more frequently performed in Group II than in Group I.
Postprocedural myocardial infarction (CK-MB elevation >3 times the upper normal limit) occurred in 2 cases (1.7%) in Group I and in 2 cases (1.7%) in Group II. Neither in-hospital death nor Q-wave MI was developed by any patients. Cardiac troponin T elevation was detected after coronary intervention in 72 (31.2%) patients (Fig.  1) . The incidence of any TnT elevation was higher in the Group II than that in Group I (19.8% vs 42.6%, respectively, p<0.001). The incidence of TnT over 3 times the upper normal limit and over 5 times the upper normal limit was also higher in the Group II than that in Group I (11.2% vs 21.7%, respectively, p=0.031 for the TnT over 3 times the upper normal limit, and 6.0% vs 13.9%, respectively, for the TnT over 5 times the upper normal limit).
Multivariate analysis revealed that postprocedural hsCRP elevation (OR 2.5, 95% CI 1.3-4.6, p=0.005) and complex lesion (OR 2.3, 95% CI 1.0-5.3, p=0.043) were significantly associated with postprocedural TnT elevation ( Table 3) .
Discussion
In this study, we showed that elevated hsCRP levels were associated with a higher risk of postprocedural troponin elevation in patients undergoing uncomplicated PCI. This finding is important because a higher degree of postprocedural myonecrosis is associated with an increased risk of adverse events during follow-up.
Vascular injury during PCI is associated with a systemic inflammatory response, and the degree of inflammation has been shown to correlate with the cardiovascular risk.
10)11) Preprocedural elevation of the CRP levels has recently emerged as a clinical predictor for periprocedural myocardial injury. The increase in the serum CRP concentration follows the increase in the serum IL-6 concentration by 12-36 hours, and the serum CRP concentration reaches its peak value by 24 hours after the procedure.
15)16) Bonz et al. 16) found the increase in the serum concentrations of both IL-6 and CRP to be more obvious in patients with concomitant post-procedural troponin T elevation. Saadeddin et al. 17) reported preprocedural CRP elevation in 41% of 85 patients with stable angina and who undergoing PCI, and this was associated with a 2.27-fold higher risk of developing periprocedural myocardial injury, and the latter was defined by a postprocedural troponin I elevation of >2 ng/mL. Ellis et al. 18 ) confirmed a nearly 4-fold higher preprocedural CRP level among the patients who developed postprocedural CK-MB elevation. Additionally, Hong et al. 19) demonstrated that elevated preprocedural CRP levels are associated with neointimal hyperplasia and restenosis after PCI. Yet contradictory results have reported. Gaspardone et al. 20) excluded the patients with any postprocedural cardiac marker elevation and they still found CRP elevation (>0.5 mg/dL) within 48 hours after PCI in 99% of these patients. Saleh et al. 21) reported no significant relationship between CRP and postprocedural troponin elevation in patients with stable or unstable angina. More recently, Gach et al. 22) reported no correlation between the delta CRP and the delta troponin in stable angina patients. In our study, the baseline CRP level was similar between the two groups, yet the inflammatory response (ΔCRP) during intervention was more associated with periprocedural myocardial injury. Although the subsets of patients or their medications in our study were different from those of other studies, our results consolidated the association between CRP and the troponin changes during PCI.
Different strategies such as platelet GP IIb/IIIa inhibitors and high dose clopidogrel and statin have been proposed and tested to prevent peri-procedural myocardial infarction. [23] [24] [25] Many studies have demonstrated that early statin therapy among PCI patients is associated with significant advantages for decreased mortality and morbidity in different patient subsets. 10, [26] [27] [28] Although the mechanism is not entirely clear, the anti-inflammatory effects of statins might contribute to the reduced myocardial injury during PCI. In the present study, prior statin therapy had no significant effect on postprocedural troponin elevation. However, only 12% of all the study patients were receiving prior statin therapy, and this lowered the power to detect differences between the patients with and without statin therapy.
The results of the present study suggest that systemic factors may affect the susceptibility to postprocedural troponin elevations. With excluding mechanical causes, structural and functional microvascular obstruction have been implicated in most cases of postprocedural myonecrosis.
1)29) Thus, CRP may be related to such pathological conditions as friability and hypercoagulability of the atheromatous lesion, which predispose to a patient to microembolization or clot formation at the site of the PCI-induced arterial injury. Systemic inflammation also provides a link between PCI-associated infarction and long-term events, the same as was reported by previous studies. 30) So, other therapeutic strategies that can inhibit the inflammatory response are needed to prevent periprocedural myocardial injury.
In conclusion, elevated hsCRP levels were associated with a higher risk of postprocedural troponin elevation in those patients who are undergoing uncomplicated PCI. These results emphasized the role of inflammation in the pathogenesis of periprocedural myocardial injury. 
